In recent years results from scientific studies have indicated the role biofilms play in the occurrence and development of up to 65% of nosocomial infectious diseases [1] and over 80% of all the infections of bacterial origin [2] Urinary tract infections (UTI) are among the most common infections that annually affect 150 million people worldwide [3] . UTI rank second among all pediatric infections, being outranked only by respiratory tract diseases.
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Owing to their biological properties, biofilms can form on a wide range of surfaces. Urogenital tract of the human body is no exception. It was proven that biofilms can form on transitional epithelium cells, prostatic calculus and urinary catheters [4] , and bacteria adhered to uroepithelium cause pyelonephritis [5] .
Results of scientific research indicate a connection between Escherichia coli uropathogenic strains contained in biofilms and development urinary tract infections [6, 7] , as well as a role of bacterial biofilms in development of chronic cystitis [8] . Recently, more and more data indicate a tendency of bacterial association formation by the bacteria with high adhesion index isolated from children with recurrent UTI [9] . In the recent years, there have been investigations of the different types of motility in colonization of urinary tract by uropathogenic bacteria [10] .
Currently there are a limited number of publications on interrelation between different types of motility, biofilm formation and adhesive activity of bacteria, and the impact caused by these pathogenicity factors on the course of UTI.
As there are differences in severity degree of adhesion and biofilm formation factors between children and adults [11] , the purpose of this research was to determine the intensity of biofilm formation, adhesion and motility of bacteria depending on different types of UTI in children. Biofilm Formation Study. The ability of bacteria to form biofilms was tested using the method of 96-well microtiter plates [12] . Sterile flat-bottomed 96-well plates (TPP-Switzerland) were filled with 200 μl of 24-hour broth bacterial culture (0.5 according to McFarland) previously diluted with 1% glucose nutrient broth, in the proportion of 1:100. After 24 hours of incubation at 37 0 C the contents of each well was evacuated, the wells were washed three times with 300 μl of sterile isotonic solution. The bacteria adhered to the surface of plates were fixed with 60-minute exposure under a stream of hot air (60 0 С). The wells were colored with 200 μl of 1% solution of crystal violet for 15 minutes. After washing the wells 3 times with isotonic solution, the colorant was extracted with 200 μl of 95% ethanol. Optical density (OD) was tested with microtiter plate reader (Humareader) of a wavelength of 630 nm. A biofilm was considered formed if optical density index was higher than the optical density of negative control plus 3 standard deviations (Std. dev.) of negative control. Thus:
Materials and
1 Determination of Adhesion. Adhesion of bacteria was tested through the use of formalinized erythrocytes [13] . We used formalinized erythrocyte concentrate of a healthy donor with third rhesus-positive blood group (B(III)Rh+).
Formalinized erythrocytes were diluted in saline in the proportion of 1:20; 1 ml of the solution was co-cultivated with 1 ml of nutrient broth containing bacterial cells of the corresponding strain in the concentration of 109cells/ml during 30 min at 37 0 С; as the vials were periodically shaken in a shaker. After a 30-minute cultivation in the thermostat, smears were made on object-plates, and fixed with 96% solution of ethyl alcohol during 15 minutes. The smears were colored according to Romanovsky-Gimza during 30 minutes, and then adhesion of the bacteria was evaluated under a light microscope with the definition of adhesion index of the studied microorganisms (ІАМ). ІАМ -average number of microbial cells in one erythrocyte involved in the adhesion.
The microorganisms were considered nonadhesive if microorganism adhesion index was less than two, moderately adhesive at ІАМ value from 2 to 4, and highly adhesive at IAM higher than 4.
Determination of Motility. Identification of the different types of motility was carried out by standard methods [14] . Motility properties were determined in all clinical isolates that theoretically were able to move (Proteus mirabilis, E. coli, Pseudomonas aeruginosa). Swimming motility was determined as follows: bacteria of the researched strain were introduced through a puncture into 0.3% nutrient agar incubated in the thermostat for 24 hours at 37. 0 C, and afterwards the area of motility was estimated according to the diameter of bacteria distribution area in agar.
Bacteria swarming was assessed through bacterial culture on 1% nutrient agar, culture area not exceeding 5 millimeters in diameter. Twitching motility was studied by introducing bacteria to 0.7% nutrient agar by method of medium puncture to the bottom of Petri dish. Bacteria were incubated in the thermostat during 24 hours. After incubating, nutrient agar was removed from the surface of the dish. Having been dried in the thermostat for 30 minutes, the bottom of the dish was colored with 1% solution of crystal violet for 30 minutes. Petri dish was washed with saline and dried.
Colony growth area of less than 1 cm on agar indicated low swimming, swarming and twitching ability; area of 1-2 cm -as moderate ability of the indicated motility types, growth area diameter of more than 2 cm was considered as high motility ability.
Swarming on a catheter was assessed by the method according to which a channel of a diameter of 1 cm was made in 0.9% nutrient agar. Two formed parts of nutrient agar were combined together with a part of sterile latex catheter of 1 cm located in the channel. Bacteria were cultured on nutrient agar in a form of a loop at the edge of a catheter and incubated for 24 hours. Bacteria growth was assessed on the opposite side of the catheter (on the other part of nutrient agar).
Analysis of the results was performed using the SPSS program version 12. The results were considered statistically significant at p<0.05.
Results.
Out of 29 patients of the first group, bacteriuria of more than 10 3 CFU/ml was found in 12 (41%) and 19 clinical strains of bacteria were isolated. Out of 14 patients of the 2 group bacteriuria of more than 10 5 CFU/ml was found in 12 (86%) and 8 strains of bacteria were isolated. In all the patients of the 3 group bacteriuria of more than 10 4 -10 5 was found and 13 strains of bacteria were isolated.
Out of the isolated bacteria E.coli prevailed -57% (group 1 -52%; group 2 -75%; group 3 -54%), Staphylococcus epidermidis -18% (group 1 -19%; group 2 -25%; group 3 -12%), Enterococcus faecalis -11% (group 1 -13%, group 2-0%, 3 -8%), others -14%. In group 1, 16% of isolates were represented by microorganism associations which were consist of E.coli, S.epidermidis, E. faecalis, Enterobacter aerogenes. Biofilm formation of the first group patients' strains did not significantly differ and equaled as follows: E.coli (n=9) 0.41 ± 0.07 OD, S.epidermidis (n=4) 0.38±0.03 OD, E. faecalis (n=4) 0.5 ± ± 0.1 OD. In the second group, biofilm formation index of E.coli (n=9) equaled 0.43 ± 0.03 OD, which is less than of S.epidermidis (n=3) 0.52 ± 0.1 OD (p<0.05). Biofilm formation index of E.coli (n=9) of the third group was at the level of 0.47 ± 0.05 OD (see Fig. 1 ). Among the selected pathogens only 32% did not form biofilm, mainly group 1 strains (group 1 -48%, group 2 -13%, group 3 -15%); 43% of bacteria formed weak biofilm (group 1 -47%, group 2 -25%, group 3 -23%); 14 % of strains formed medium biofilm (group 1 -4%, group 2 -38%, group 3 -38%); Group 1 bacteria formed biofilm at the level of 0.40 ± 0.06 OD, which was significantly less than group 2 bacteria formed -0.45 ± 0.05 OD (р<0,05) and group 3 -0.48 ±0.07 OD (p<0,05) (see Fig. 3 ). The indices of biofilm formation by bacterial associations under cocultivation of three strains equaled 0.42 ± 0.03 OD. When passaging on a solid nutrient medium with a subsequent counting the colonies, it was established that within the associations (E.coli, S.epidermidis, E. faecalis та E.coli, S.epidermidis, E. aerogenes) over 90% of colonies were formed with E.coli. The level of biofilm formation by the members of the association separately did not significantly differ from the level of biofilm formed in the course of their joint cultivation.
11 % of bacteria formed strong biofilm (group 1 -7%, group 2 -25%, group 3 -23%). The results are shown in Fig. 2. 27 % of the investigated strains did not possess adhesive properties (group 1 -36%, group 2 -0%, group 3 -25%), 39% of bacteria possessed low adhesive ability (group 1 -48%, group 2 -25%, group 3 -25%), 22% of isolates showed medium adhesive ability (group 1 -14%, group 2 -50%, group 3 -12,5%), 12% of bacteria possessed high adhesive ability (group 1 -0%, group 2 -25%, group 3 -37,5%) (see Fig. 4 ). Correlation analysis carried out between the film formation and adhesion ability of bacteria showed a direct credible link r = 0.529 (p<0.01).
Out of 27 (61%) investigated strains able to perform different types of motility (E. coli, Morganella morganii, P. mirabilis). 15 % of the strains possessed the ability of twitching (group 1 -14%, group 2 -20%, group 3 -14,5%), 37% had swarming ability (group 1 -21%, group 2 -60%, group 3 -43%), 22 % -swimming ability (group 1 -7%, group 2 -40%, group 3 -43%), no one of the studied bacteria had the ability of catheter swarming.
A credible direct correlation was established between swimming and swarming ability of the bacteria r= 0.706 (p<0.01) and swimming and twitching ability r=0.55 (p<0.01). It was observed that increased motility of the bacteria ability of this strain to form biofilm. (see Fig. 5) Discussions. For colonizing the urinary tract, bacteria need virulence factors that facilitate adhesion to the urothelium. Microorganism motility plays an important role in this process, as well as the ability to form biofilm in order to avoid the effects of the immune system and antibacterial factors.
The level of biofilm formation by different types of bacteria isolated from children with equal clinical forms of UTI differed insignificantly and did not demonstrate a statistically credible difference. Conversely, even bacteria of one type (E.coli, S.epidermidis) isolated from different forms of UTI possessed a statistically credible difference in ability to form biofilm. The results of the research demonstrate that bacteria isolated from lower urinary tract infections possess the lowest level of biofilm formation ability, and bacteria isolated from chronic pyelonephritis recurrence possess the highest. The received data are confirmed in other publications [15] .
We have found no connection between motility ability and various forms of UTI. Perhaps migration of bacteria to the renal pelvis in children is provided not so much by the properties of the bacterium itself as by peculiarities of the macroorganism (for example, a reflux). The absence of connection between motility indices of pathogens and urinary tract colonization is demonstrated in some other researches [7] .
We consider that the established correlation between adhesive ability and biofilm formation ability at the level r = 0.529 (p<0.01) can be explained with the fact that adhesion is one of the key stages of biofilm formation. Microtiter plate method can be significantly limited by testing the ability of nonspecific adhesion of bacteria (bacteria adhere to plastic of 96-well plate). The model of adhesion determination used in the present research permits us to test nonspecific adhesive ability (bacteria adhere to glycophorin glycocalyx of the erythrocytes, which is analogical in epithelium cells), thus considering the availability of the determined correlation it can be assumed that bacteria that demonstrate high level of nonspecific adhesion possess high specific adhesion ability.
The established correlation between swimming and swarming ability of the bacteria r= 0.706 (p<0.01) is explained by the fact that both types of motility are conditioned by the presence of flagella. It was found that the strains capable of active movement have less ability to form biofilms. A series of studies confirm a number of phenotypic differences between planktonic and biofilm (settled) forms of bacteria [16] . In the transition to a settled form of existence, bacteria alter the expression of many genes. We believe that this fact may explain the decrease of motility ability in the transition to biofilm form.
Correlations between adherence ability and biofilm formation capacity of bacteria with clinical form of the urinary tract infection has crucial meaning, because, in one side, determination of pathogenic properties of bacteria could serve as predictive tool, on the other side, it is one of the evidences that biofilm formation ability is important pathogenic factor that contributes to the development of infectious process.
Conclusions. Diverse adhesion and biofilm formation ability of bacteria was established depending on the type of UTI from which they were isolated.
СПОСОБНОСТЬ К ФОРМИРОВАНИЮ БИОПЛЕНОК, АДГЕЗИИ И ПОДВИЖНОСТИ У БАКТЕРИЙ, ВЫДЕЛЕННЫХ ОТ ДЕТЕЙ С ИНФЕКЦИЕЙ МОЧЕВЫХ ПУТЕЙ

